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(57) ABSTRACT

A system and method for automatic tracking and decoding
barcode image on the standard EAN-13 through portable, or
mobile, devices makes it possible to track the barcode in any
position and orientation it is in and decode it automatically in
real time. To make the tracking and decoding of barcodes,
methods are applied on the captured image, seeking the guid-
ance and location of the barcode.

18 Claims, 12 Drawing Sheets
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1
AUTOMATIC SYSTEM AND METHOD FOR
TRACKING AND DECODING BARCODE BY
PORTABLE DEVICES

FIELD OF THE INVENTION

The present invention relates to the field of human interac-
tion with mobile devices, in particular the interaction done by
means of the automatic recognition of barcode images cap-
tured through the camera integrated in portable devices, par-
ticularly mobile phones, smartphones, personal digital assis-
tants—PDA, portable digital camera, among others.

The present patent application refers to a system and
method for automatic tracking and decoding of barcode
image on the standard EAN-13 through portable devices.

Through this system you can track the barcode in any
position and orientation it is and decode it automatically in
real time. To make the tracking and decoding of the barcode,
methods are applied on the captured image, seeking the guid-
ance and location of the barcode.

BACKGROUND OF THE INVENTION

Currently, the barcode technology is part of various sectors
of the commercial, industrial and financial area. We can find
barcodes to identify the products of a supermarket, books of
a library, in the machinery of an industry, in bank bills, in the
equipment of an organization, employee’s badges in a com-
pany, etc.

In general, the barcodes representing the original informa-
tion through the widths and spaces of parallel bars arranged
horizontally. This type of barcode has only one dimension
and is known as one-dimensional barcode or linear. As an
example of linear barcode has the EAN-13, the code 128, the
code 39, among others.

Recently, there have been barcodes capable of storing
information vertically and horizontally and are called 2D or
two-dimensional barcode. They can store a large amount of
information. As an example we can cite the QR Code, Data-
Matrix, PDF417, the Code 49, among others.

Some barcodes have their structure standardized by inter-
national organizations, such as the EAN-13. Other codes are
free, where those who want to use it can freely position the
data as desired, for example, the code 128. With this, many
organizations have defined their own structures.

The standard barcode EAN-13 is often used to identify
products sold in shops. This standard barcode consists of a
unique identification of products that is used by manufactur-
ers, wholesalers, retailers, distributors and consumers in
nearly all the world.

To read the barcode, it uses an optical scanning equipment
known as a scanner or barcode reader. This equipment per-
forms the scanning of the barcode by sending a beam of red
light that is absorbed by the dark bars and reflected by the
white bars. Sensors present in the scanner captures this infor-
mation and send it to a computer that performs data transla-
tion for numbers or letters.

With the advancement of technology, it became possible to
create lighter barcode readers based on optical reading and
that occupy less space, making them more portable. Despite
this, these readers are designed only for reading barcodes,
and, in general, can only make the reading of the standard
barcode for which they were developed.

The U.S. patent US2006020039, entitled: Camera-based
Barcode Recognition, published on Sep. 14, 2006, proposes a
system for decoding barcodes from images captured by digi-
tal cameras. This system performs the decoding of barcodes
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from images obtained in preview mode, but does not present
atechnique to prevent degradation of the images displayed on
the display of the device in question. To find the limits of the
barcode, the patent US2006020039 uses a method that has as
its principle finding the white areas located on the left and
right side of the barcode from the center of the same. This
method is inefficient because these white areas can be found
damaged, making this method inaccurate. After correcting
the rotation, the image returned will be a sub-region located in
the center of the barcode, excluding the rest of the code. This
procedure is not efficient, because the image may be returned
in worse condition than in the excluded regions. The bina-
rization used by said patent has fixed parameters, i.e., they are
not adaptive, thus, this process becomes ineffective, reducing
the probability of success of the decoder.

The patent US20050011957, entitled System and Method
for Analyzing and Decoding Barcodes Using a Mobile
Device, published on Jan. 20, 2005, presents an application
for decoding barcodes. This application consists of a system
and method that improves the image and get the information
encoded by the barcode contained in the image. Then,
through a wireless connection, it sends the result of decoding
to a server that is responsible for processing the barcode
information and transmit back the content associated with the
mobile device. That patent describes, without giving details,
the complete flow of a process for image correction and
decoding of the barcode. This process takes several attempts
to decode using different parameters, which are obtained
through a pre-established set of parameters, which aims to
improve the image and thereby increasing the probability of
decoding the barcode successfully. These operations are per-
formed on images captured in the “preview” mode of the
camera integrated into the mobile device. That patent men-
tions methods for: rotation correction, perspective correction,
removal of shear, correction of problems related to lighting,
focus adjustment, among other for removing the distortions
that can affect the image of the barcode. The patent
US20050011957 does not describe the operation of an impor-
tant requirement for successful decoding, the calculation of
the cutting level between white and black.

The patent document PI 0603273-7, published on Jan. 25,
2008, describes a system and method that uses software to
perform the decoding of barcodes on mobile devices. That
patent describes a method of pre-processing the image cap-
tured by the camera of the device to verify the presence of a
barcode. This method consists of converting the image into
two colors, and then performing a scanning process of the
image that aims to convert the same into two color states.
After this procedure, the elements contained in the image are
filtered. Next, a parameterization is performed to identify the
component parts of the image. Then, the component parts are
checked to locate or not a barcode. If the scan result is posi-
tive, the value represented in the barcode is obtained. The
steps taken by the process described in document PI
0603273-7 Brazil are not presented in sufficient details. The
document P10603273-7 shows the current state of the art, and
does not adds new elements or explain how to solve the
problems, while showing them.

The document entitled “Digital Processing of Barcode
Image using Mobile Phones” by James Tudisco Henrique dos
Santos and Almir Olivette Artero, published on Jul. 7, 2010 at
the Sixth Workshop on Computer Vision, proposes the use of
mobile phones equipped with cameras to read and interpret
barcode EAN-13, using J2ME technology. This document
uses the Sobel operator for edge detection to locate and make
reading the barcode. The method presented in this article
creates a map of directions from the edges of the gradients
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obtained by running the Sobel operator, eliminating the edges
with low magnitude. The said system does not include solu-
tions for problems related to lighting, so in order to have the
decoding done successfully, it is necessary that the barcode is
in ideal conditions, with no anomalies caused by a lack of
focus, shadows and noise.

The document entitled “Locating and Decoding EAN-13
Barcodes from Images Captured by Digital Cameras™ by
Douglas Chai and Florian Hock, dated Dec. 6, 2005, presents
a technique based on computer vision to locate and decode
barcode. To locate the barcode, the image is divided into
blocks of 32x32 pixels, and then applies the method of Otsu-
thresholding for thresholding in each of these blocks. Then, it
is carried out a morphological operation called “skeletoniz-
ing” in each block. To determine whether the block has a
barcode or not, they separate the connected components of
each block, and then calculates the angle of these components
relative to the axis x. Only those blocks whose angles of the
components are similar, indicating that they are parallel, are
kept in the picture. Although the technique seems to be effec-
tive, it requires a high computational cost, since the method
presented in this article performs morphological operations
that require high computational costs. The paper presents a
simple method of decoding, which runs without any previous
treatment in the image to remove distortions caused by the
lighting of the environment, treatment of signal/noise, per-
spective removal.

The papers cited above have various processes for decod-
ing barcode, where each has different methods to try to rec-
ognize the barcode in the best possible way. Images captured
in uncontrolled environments suffer interference that
impedes their analysis. These interferences can be: problems
related to lighting, presence of image noise, low contrast,
image captured in motion, blur, perspective and rotation dis-
tortion, among other problems. Most solutions described by
the mentioned papers will perform reading the barcode suc-
cessfully, only if the image is captured under ideal conditions,
that is, if there is no influence of the problems previously
reported. Many studies have cited the need to implement
methods to improve image quality, and therefore increasing
the probability of successful decoding, however, they do not
describe in details how of these methods works.

The patent document U.S. US20040099741, published on
May 27, 2004, disclosures a system and method for obtaining
information about the selected image from a digital image
and provides information about the image selected for han-
dling. In one aspect, the present invention locates and auto-
matically segment an item from an image captured by a
digital camera and provides an image information on the item
for processing. Alternatively, a user can designate which
areas of an image include the item of interest for viewing or
further processing, the slope being located based on the
Hough transform.

The patent document U.S. US20060202039, published on
Sep. 14, 2006, presents a system for decoding information
concerning barcodes from an image captured by the camera,
by generating a binary sequence of the captured image and
decoding information coming from the barcode sequence
binarized. The image captured by the camera is pre-processed
in a grayscale image, and enhancing the contrast between the
bars and spaces of the pre-processed image. The orientation
of the barcode is identified so that it is parallel to the bars in
the pre-processed image. A designed sequence is formed by
projecting pixels of the preprocessed image along the orien-
tation of the barcode. The binarized sequence is formed by
applying a threshold to detect peaks of the designed sequence.
A sequence of barcode is formed, starting from the binarized
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sequence, in which each bar and each barcode space are
represented by a single bit in their coding sequence of the
barcode. Then, information is extracted from the sequence of
the encoded barcode. According to the teachings of that docu-
ment, the tilt angle is found by projecting the binarized image
of'the barcode on the axes x and y.

Differently from the papers mentioned above, the present
invention aims a method for reading the barcode from an
image captured by a camera of a portable device, taking into
account the presence of abnormalities that affect image qual-
ity. For this, the present invention provides a method to elimi-
nate distortions related to perspective and the rotation of the
barcode, lighting, low contrast, to improve the signal /noise
rate, among others.

SUMMARY OF THE INVENTION

The present invention provides a system for decoding bar-
codes, embodied through an integrated hardware and soft-
ware that tracks and decodes barcodes in real time by means
of portable devices that have digital cameras. The system is
able to track and decode the barcode in the standard EAN-13.

This invention aims to provide an efficient and effective
method that allows consumers to check prices anywhere they
are. The present invention allows the consumer through a
portable device, equipped with a digital camera to quickly
decode the barcode.

Aiming a level similar to that of decoding equipment of
barcode readers with laser, the system of the present invention
uses a method that allows the identification and decoding
barcodes positioned in any region of the captured image. The
system also allows the identification and decoding of bar-
codes that are rotated or have perspective.

The system of the present invention allows the user to
select the desired location of the barcode. This mode can be
automatic or manual. In automatic mode, the user fits the
barcode on any display position of the camera and this, in
turn, will be located and decoded. For the manual mode, the
user must place the barcode within the boundaries of a tar-
geted pre-positioned.

Problems Solved by the System of the Present
Invention

Despite technological advances, mobile devices still have
relatively limited hardware resources to run algorithms that
perform advanced calculations. Therefore, the present inven-
tion using techniques of development aiming to reduce the
computational cost, allowing a reduction in decode time and
minimizing the use of the portable device processor, besides
saving memory, optimizing, thus, the use of resources. These
techniques also provide an increase in the strength of the
barcode reader, as it was possible to increase the number of
frames analyzed for the same time.

To perform the analysis in real time, it is necessary to use
the frame captured by the camera’s preview of the portable
device and process it. However, depending on processing
time, the presentation of the frames could be damaged
because the frame can only be displayed on the display of the
portable device after the processing, thus reducing the effec-
tive display rate of frames captured by the camera. This type
of limitation in the visualization does not usually please the
users, causing discomfort in using the equipment. To avoid
this limitation, techniques of concurrent programming and
communication between processes are used, enabling the
development of an effective method that allows a frame to be
processed, while the camera is still filming, causing the
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frames to continue to be captured and displayed on the display
of the portable device. Therefore, it was possible to optimize
the visualization in real time, allowing to process a given
frame while continuing to capture and presenting the frames,
maintaining the exhibition rate of the preview mode.

At the moment of the reading, the barcode may have been
tilted and, with this, the decoding could be affected. To read
the barcode directly, it is necessary that in the processed
image, the bars have an inclination of approximately 90
degrees. Therefore, a specific method was developed that
estimates the orientation of the barcode and then corrects the
level of inclination, making it possible to decode barcodes
inclined, and in turn, increasing the effectiveness of barcode
reader. The tilt angle where a scan line across the barcode has
the smallest variance in the shades of gray is used to estimate
the slope of the barcode.

For cases in which the captured image of the barcode is not
in proper conditions, it could result in loss of part of its
information. This type of problem can be caused by environ-
ment lighting conditions, which can cause blur of light, exces-
sive shade, poor clarity, among others. There are also very
common situations in which the barcode is already damaged
due to several factors, among which are: poor print quality,
surface aging, damaged container or packaging, among oth-
ers. In order to improve the effectiveness of the present inven-
tion, methods were created to perform the above correction of
possible damages.

In order to improve the effectiveness of the present inven-
tion for reading barcodes, even under unfavorable conditions,
a set of methods are applied to the image. First, it seeks only
the region where the barcode is by eliminating components
that compromise the result of the barcode reading. The bar-
code is divided into horizontal slices and each one of these
slices is processed separately. For obtaining the values of the
bars, vertical sub-regions are defined and, in turn, the thresh-
old of black and white is calculated for each sub-region. A set
of weights that adjust the threshold to level of lighting in the
image are applied to the threshold. With this, the effects
caused by poor image quality and/or external factors are
eliminated, allowing the barcode reading.

The packaging of the products have different formats. For
example, images of the labels with curved surface distort the
size of the bars, making it hard to decode the barcode. To
solve this problem, the present invention utilizes efficient
algorithms to estimate the size of the bars.

In some cases, some cameras may be unable to fit neatly
small objects, such as font type, where, as the camera moves
closer, they remain blurry and unreadable. Some packages
have, barcode so small that when the camera is far away, it is
not possible to distinguish their bar due to insufficient amount
of'pixels, and when the camera is too close, the object may be
blurred, even in cases where self-focus used. This problem is
bypassed for cameras having focus macro support. This type
of auto focus can focus on small objects by increasing their
clarity and, in turn, allowing the barcode reading.

Technical Advantages/Functional of the Invention

Low computational cost: Seeking to improve the process of
reading the barcode, programming techniques were used to
optimize the performance of computer instructions, for
example, using fixed point instead of floating point, using bit
handling to perform some operations, using the minimum
possible instructions to scan or copy the pixels of an image,
among others.

Reading barcode efficiently and effectively: The reading is
effective because it minimizes the use of computing
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resources, and is effective because it succeeds in most
attempts to read, and can perform the decoding of barcode
with different sizes, any position, any angle, and high per-
spective in environments with different lighting.

Real time processing: It is not necessary to capture a photo
so that the decoding is performed. The system performs the
entire procedure in real time, analyzing the frames obtained in
preview mode. Therefore, it was possible to increase the
robustness of the algorithm, since at every time a new frame
is processed until the reading is successful. In addition,
depending on the resolution supported in preview mode by
the camera of the portable device, it is possible to further
increase the effectiveness of barcode reader.

Use of concurrent programming: concurrent robust and
agile computing techniques were used and communication
between processes, causing the system to display the frames
filmed by the camera of the portable device, while it is done
the reading and decoding of the barcode present in any cap-
tured frame. Using this technique, you can perform the whole
process of reading the barcode without affecting the exhibi-
tion rate of the camera’s preview mode.

Identifying and correcting the orientation of the barcode:
Seeking to further increase the effectiveness of the code
reader of the present invention, it was developed a robust
method to estimate the angle of the barcode. This method tries
to find the direction of the bars of the barcode. For this, the
image is divided into sub-regions, and in each of these por-
tions a search is done for the scanning line having the smaller
variance in a range of angles of 180 degrees.

Localization of the barcode: This process seeks to position
the barcode on the image, returning the coordinates for the
left side, top, right side and bottom of the barcode. With this,
the barcode reader will need to analyze only the region within
the limits of these coordinates, increasing in turn the effi-
ciency of the algorithm, which will not have to process the
whole image.

Elimination of useless regions: regions outside the limits
found are excluded from reading, avoiding the processing of
regions that do not belong to the barcode. With this, it has
been improved the efficiency of the reader, since fewer parts
of the image are analyzed, thereby reducing the processing
time. The effectiveness is increased because elements that
negatively influence the definition of the limits of cut in the
barcode are eliminated, making only the bars, which are the
relevant information, remain in the process, and, thus,
increasing the probability of accuracy in decoding.

Identification of the barcode: In order to make the decoder
not to be implemented in images that do not have a barcode,
or having, but with blurry image, it is effected a previous
analysis within the limits of the bar code. At this time, it will
be checked the level of contrast, where, for cases in which this
contrast is very low, the image is immediately ignored, so that
the reader does not attempt to perform a decoding that could
be unsuccesstul, and with it, avoiding the waste of time com-
puting something that would hardly be decoded. This
increases the efficiency in the sense that, after ignoring the
image, the process is restarted and thus a new frame that can
have a better quality and more chances of decoding is pro-
vided.

Horizontal slicing of the barcode: barcode is sliced hori-
zontally and the reading is performed in each of these slices
individually. With this, we obtained a better efficiency, since
the number of samples was increased, which led to an
increase in the percentage of accuracy. If it does not succeed
in decoding a slice, another one will be selected until the code
is decoded or until all slices have been selected. The number
of slices is set as the execution of reading, so that in the
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process it is obtained several slices of different sizes and
positions, thus increasing the probability of successfully
decoding.

Adaptive binarization method: this is the phase in which
occurs the definition of barcode. At this stage, it is necessary
to determine a cutoff threshold to separate the white level of
the black level in the image of the barcode in shades of gray.
To this purpose, methods were created to calculate the thresh-
old in a flexible and adjustable way. This threshold adjusts to
environment lighting. This is because the slice to be decoded
is divided into vertical regions, and for each of these sub-
regions we obtain a threshold as the intensity of its pixels.
Furthermore, to this threshold are assigned weights that
adjust the threshold to the environment lighting.

Reading barcodes on non-planar surfaces: The packaging
of the products have different formats. It can be found pack-
aging for products with rounded surfaces, oval, or even pack-
ages that are flexible plastic bags which surface has a specific
shape. To increase the robustness of the process, it was cre-
ated an adaptive method that allows the decoding of barcodes
on surfaces with different formats. The method was created
starting from the principle that all bars are derived from the
thin bar, that is, to set the other bars, it is necessary to know the
size of the thin bar. Knowing that depending on the surface
that the bar is, the values can increase or decrease depending
on the perspective caused by the shape of the package.
Because of this, it is computed an estimated size of a thin bar
for each digit of the barcode, because it is estimated the size
of'thin bar that is in the same perspective of the other bars that
form the digit.

Reading barcodes with a perspective: to increase the effec-
tiveness of reader, techniques were developed to allow the
decoding of barcodes in perspective. This was possible due to
the horizontal slicing that selects slices of the code that are in
the same perspective, benefiting the decoding of barcodes
with high perspective.

Validation of the result: in order to show only correct
values, the present invention features methods of validation
that checks the guard bars of the code and checking digit.
Soon after setting the bar, it is checked if the guard bars are
correct. After all digits have been decoded, it is checked the
checking digit. If the check is correct, the decoded value is
returned and the result is displayed.

Use hardware device with high mobility: the present inven-
tion can be performed on a small and lightweight portable
device that can be carried to different places without taking up
much space. With this, we obtained a portable and lightweight
device that reads the barcode in real time.

BRIEF DESCRIPTION OF THE FIGURES

The objectives and advantages of the present invention will
become more apparent from the following detailed descrip-
tion of an exemplary embodiment of the invention and
attached drawings by way of non-limiting example, in which:

FIG. 1 shows how the user will interact with the invention.

FIG. 2 shows how the invention presents to the user the
information that the boundaries of the barcode were found.

FIG. 3 shows a generic model of portable device, in which
the system should work.

FIG. 4 is a block diagram showing the steps performed by
the invention to perform the decoding of the barcode.

FIG. 5 shows the operation of the interception of the frames
filmed by the camera of the portable device.

FIG. 6 shows the method used by the present invention to
obtain the probable orientation of the barcode.
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FIG. 7 presents the region with the probable orientation of
the barcode.

FIG. 8 details the operation of the method that computes
the probable orientation of the barcode.

FIG. 9 displays the barcode after its rotation corrected.

FIG. 10 illustrates the process of correcting the rotation of
the barcode.

FIG. 11 details the operation of the method that finds the
boundaries of the barcode.

FIG. 12 represents the time in which the invention com-
putes the boundaries of the barcode.

FIG. 13 shows the decoding flow of the barcode.

FIG. 14 represents the time in which the invention distin-
guishes components from black and white in the barcode.

FIG. 15 represents the moment in which the invention sets
the bar of the barcode.

FIG. 16 illustrates the screen with the result of decoding.

DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

The system comprising the methods developed for this
invention locates and decodes barcodes in real time from a
portable device equipped with a digital camera. Thus, accord-
ing to the preferred embodiment of the invention is provided
a method to find and decode barcodes, running in real time
from an integrated hardware and software.

The system of the present invention begins working when
theuser runs it from a portable device in which the system was
previously installed.

FIG. 1 shows the system after initialization. After initial-
ization, the digital camera device is triggered and the preview
mode will start showing the frames filmed in the display
device 111. At this moment, the frames are captured in real
time at a rate of FPS frames per second, the value typical for
FPS being 30.

When the barcode 110 is framed by the camera device, the
system will start tracking and decoding operations that will
process the pictures obtained by the camera under execution.
At this time, it will be run the necessary procedures to find the
guidance and boundaries of the barcode, and also made cor-
rections related to lighting, signal/noise ratio, among others,
and finally the barcode is decoded.

The present invention mainly aims turning a portable
device equipped with a digital camera into a system for
decoding barcodes, similar to the equipments found in shops
and supermarkets. To that end, we developed methods to find
the orientation and position of the barcode before it is
decoded.

FIG. 2 illustrates the moment when the barcode is found
showing the rectangle 210 drawn around the boundaries of
the barcode indicating that the location was performed suc-
cessfully.

The hardware needed to make the system of the present
invention work is a portable device, where its main features
are illustrated in FIG. 3. The CPU 310 (Central Processing
Unit) is responsible for executing the necessary instructions
for managing the camera, and making calculations for pro-
cessing the image with the barcode. The camera 311 or the
reader captures the images and must have a sufficient focus so
that the captured image maintains its clarity or having auto
focus. The storage means 312 is intended to store information
and data including the decrypted code, among others. The
hardware also consists of information input devices 313 and
audio components 314. Through some connectivity compo-
nent 315, it is possible to make communication between the
application and a remote database that has information about
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the products. The display means 316 is used to view the
frames captured by the camera device.

FIG. 4 shows the block diagram with the overall operation
of the present invention. This diagram describes the process
performed by the system, from obtaining the frame until
locating and decoding barcode.

The step “initializing barcode reader” 410, comprises the
driving and setting up of the digital camera integrated with the
portable device, presentation of the user interface and prepa-
ration of the required parameters for the barcode reader is
successfully executed. At this step, there is the definition of
the resolution of the preview mode, in which it is typically
selected the highest resolution supported by the equipment. In
addition, it is activated the option focus macro for cameras
that have auto-focus and support for this option. The focus
macro is used to the auto-focus focuses images near the
camera lens allowing images that are close to become clear.
With this, it becomes possible to decode the smaller barcodes.

The step “intercepting captured frames in the preview
mode ofthe mobile reader” (411), is responsible for obtaining
the frames shot with efficiency and effectiveness. The por-
table device usually has an embedded operating system with
the ability to perform multiple tasks simultaneously. Taking
advantage of this feature, the process of reading the barcode
is done in a separate thread from the thread in which the
filmed frame is intercepted and displayed on the display
device. With this, the camera continues filming and display-
ing the new frame while another frame is processed in another
thread. To perform this procedure, well-defined methods have
been developed to exchange information and messages
between threads, as it will be described below.

FIG. 5 shows the operation of the interception of the pic-
tures filmed by the camera of the portable device. A thread
511 is responsible for capturing frames from the camera and
exhibiting on the display. The filmed frame is intercepted and
posted 513 to the other thread 514. At this time, the state of the
reader is set to “available” 515. Then, the picture is copied to
a shared memory area 512 and then reading of the barcode
starts a new thread 514. At this time, the state is defined as
“occupied” 517 and, thus, it is not possible to post a frame
again.

Transactions carried out in the reading of the code use only
the luminance image. Therefore, once the barcode reader
receives the frame intercepted, it is checked the format of this
frame and gets its luminance or gray scale, which represents
the light intensity of image pixels. The camera integrated into
the portable device can support multiple image formats with
their respective color spaces. Many formats have already one
channel for luminance, such as the YUV and YCbCr, which is
stored in the luminance channel Y. A commonly used format
is RGB, which equation for obtaining the luminance is:

L=0.299R+0.587G+0.114B (D

After reading, the state is defined as “paused” 518. If the
reading was done successfully, then the result is displayed
519. Otherwise, the state is defined as “available” 520 and the
process is restarted.

Using the procedure described above, it became possible to
make reading the barcode without affecting the display of the
frames shot, so that freezing does not occur at the time of
image shooting, giving the user the sensation of fluidity in the
displayed images, because it minimizes interference to the
process of decoding the exhibition rate on the display of the
portable device.

Returning to FIG. 4, the step “searching probable orienta-
tion of the barcode” 412 computes which is the rotation angle
of the orientation, in which the barcode is. For this, the frame
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that contains the barcode is divided into smaller regions with
the same size and each of these regions an angle is calculated.
This operation is exemplified in FIG. 6. The equations used
for the boundaries and size of the regions are shown below:

1

LR:% L
A 2
AR:F? 2)
Tr = Le«Ag 3)

Equations (1) and (2) are used to calculate the width and
height of each region, respectively. L, is the width and height
ofthe frameis A ,. Egrepresents how many times a region will
be smaller than the frame. Equation (3) calculates the total
area of a region.

To estimate the angle of barcode, it is necessary to obtain
the gray levels located in different orientations of scanning
lines traversing the barcode. The pixels are obtained from the
lines with slopes between 0° to 180°, with the center of the
scan lines intersecting the center of the region, as exemplified
in 611. For the track and scan of the lines, we used the 2D
Bresenham algorithm, which computes the coordinates ofthe
lines efficiently. The orientation of the barcode is the angle of
the scan line between 0 and 180 that has lower variance in the
grayscale pixels intercepted 712.

Each region will have a proper orientation 710, obtained as
detailed above. However, it is necessary to obtain the orien-
tation belonging to the barcode. For this, we calculate the
level of variation of gray levels from a line perpendicular to
the orientation computed in each region. With this, we have
the guidance of the barcode corresponding to the orientation
computed for the region with the greatest variation between
the levels of gray. FIG. 7 shows how it would be the result of
this operation and FIG. 8 illustrates in details the obtainment
of the estimated orientation of the barcode. This process is
calculated from the following equations:

Ax =a+ reos(6) “)
Ay =b +rsen(8)
xg=r—Ax
Yo=r—Ay
x; =r+Ax
yi=r+Ay
B(a, b, r, 0) = bresenham 2d(xy, Yo, X1, y1)

jgeil 5)
S o

N~

1 X ., (6)

V= m; (x;—%)

argmin  [v(B(a, b, r, 0))] O]

fe{1°,5°,...175°,180°}

Equation (4) illustrates the process used to calculate the
coordinates of the line that will be analyzed by the algorithm.
The function B (a, b, r, 0) extract lines with different slopes,
with parameters a and b representing the coordinates of the
center line. In this method, a and b are the coordinates of the
center of the region in relation to the frame containing the
barcode. The parameter r is the radius used to define the size
of'the line that will be equal to 2r. The parameter 0 is the angle
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of'the line. Bresenham 2d function, as mentioned earlier, is to
quickly compute the positions of the points of a line, thus
obtaining the gray levels in line with their respective coordi-
nates along a scan line. This function takes as parameters the
coordinates of the beginning and end of a line. Equation (5)
computes the average, used in equation (6) to calculate the
variance. The variable x is a vector of luminance values along
the line calculated with equation (4) and x, is the pixel lumi-
nance value corresponding to the position i. Finally, we show
the equation (7) which the result will be the angle of the line
with the smallest variance. The obtained lines having a slope
varying between 1° and 180°, with each iteration this angle is
increased delta degrees (typical value: 5).

At this time, several small regions are obtained with their
respective angles. So, the next step is to discover what is the
region where the barcode is and obtaining the resulting angle.
Taking advantage of the structure of the barcode is formed by
white and black, it is searched the region with the greatest
variation among gray levels in the direction perpendicular to
the resulting angle.

1Nt (8)
d= m; (i = X(i+1))

argmax [d(B(a, b, r, 6; +90°)]
jetl2,.. 0y

)

Equation (8) calculates the level of variation of a line,
where X is a vector corresponding to a scan line with their
respective levels of gray. Equation (9) returns an estimate of
the angle of barcode, which will be the angle obtained by
equation (7), the region with the largest variation between the
gray levels of lines perpendicular to this angle. In equation (9)
0j is the angle of the region j, and J is the total number of
regions. From the resulting angle, it becomes possible to
correct the rotation of the barcode.

Returning to FIG. 4, step “correcting rotation of the bar-
code” 413 is used to decode barcode too tilted. This step is
performed only if the rotation angle of the barcode is less than
80° and greater than 100°, since it is possible to read the
barcode with a small slope. The result of correction of the
barcode is illustrated in FIG. 9. To correct the barcode once
again, we use Bresenham 2d that will sweep all lines perpen-
dicular to the orientation of the barcode and, in turn, will
create a new image stacking these lines.

FIG. 10 illustrates the process of correcting the rotation of
the barcode, where, after obtaining the rotation angle of the
barcode 1010, we compute all lines perpendicular to this
angle 1011 and, as mentioned before, a new image is created,
vertically stacking each line perpendicular to bars 1012 of the
barcode.

After correction of rotation of the barcode, it follows to step
“searching the boundaries of the barcode” 414 that finds the
location of the barcode. This step calculates the position
which starts the barcode and the position where it ends, both
horizontally and vertically.

FIG. 11 shows the process performed to obtain these data.
The first phase of this process is trying to find the top and
bottom of the barcode. For this, it calculates the difference of
each horizontal image line 1110. With this, it is possible to
obtain the top of the barcode which will be the first line with
a variation between the gray levels which is greater than the
established threshold and the base of the barcode is the last
line greater than this threshold. The following equations
describe this process:
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1 Lt (10)
C= -1 (X = x(j+1))
=

D;=C;,wherei=1,2,... A

{D;>T1,t:i, where i=1,2,3,... A (11

D;>Ty,b=1i, wherei=A,A-1,-A-2,...1

Equation (10) and equation (11) describe the process used
to find the top and bottom of the barcode. Equation (10)
corresponds to the algorithm that calculates the variation of
gray levels of each image line. The C function calculates the
level of variation of each line, where L is the width of the
image and x; is the value corresponding to column j. Its return
is the average variation of the gray level of an image line. D is
a vector that stores the value of the level of variation of each
image line, where D, represents an element of this vector at
position i. The variable A is the height of the image and will
be the size of the vector D. Equation (11) represents the
algorithm that searches the top and bottom of the barcode
from the result of equation (10), the top t is the first line with
a range greater than the threshold, T1, and the base b will be
the last line with a range greater than this threshold.

After finding the top and bottom of the barcode, the next
step is the search for the left and the right side of the barcode.
For this purpose, it is done for the vertical stacking of the
region between the top and bottom 1112. As the barcode is
formed by black vertical lines, so this will be found between
the stacking of elements whose values are greater than the
threshold. Then, the left side of the barcode will be the first
column and the right side will be the last column with values
greater than the threshold 1113. The following equations
show how the search is done by the left and the right side of
the barcode:

1 & (12)
F= b—_[;}’i

E;j=F;, where j=1,2,... L

{Ej>T2,l:j, where j=1,2,3,... L (13)

E;>Ty,r=j, where j=L, L-1,L-2,...1

Equation (12) computes the vertical stacking of the col-
umns between the position t e b, calculated in equations (10)
and (11). The variable y corresponds to a column of the
image, where y, is the element of column in the row i. The
variable E is a vector with the values of vertical stacking,
where B, is its element at position j. L is the width of the image
and corresponds to the total of elements of E. Equation (13)
searches the left and right side of the barcode, where T2 is the
threshold of the stack, so the barcode is located in the region
where the stack has a value greater than T2.

At the end of the process of finding the barcode, the coor-
dinates will be obtained with the boundaries of the barcode,
and thus the reader will consider only the rectangular region
bounded by these coordinates 1114, making it not be com-
puted elements that do not are present in the barcode and, in
turn, could make it difficult to read this.

FIG. 12 illustrates the result of search by the boundaries of
the barcode, exemplifying how it would be the region selected
1210.

The step “confirming the presence of the barcode” 415
analyzes if inside the selected region there is a barcode
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indeed. This is done by checking the level of abrupt variation
of shades of gray within the boundaries computed for the
barcode. This process runs as follows: a horizontal line is
selected in the middle of the region corresponding to the
barcode. If the level of variation of gray tones of this line is
less than the threshold, then the image analysis is ignored and
the process is restarted, otherwise, the next step is executed,
as it was confirmed the presence of a barcode.

If confirmed the presence of the barcode within the bound-
aries calculated, then the step “decoding barcode” 416 runs.
This step corresponds to the core of the decoding and is used
for reading the barcode, as illustrated in FIG. 13. The step
“decoding barcode” 416 is divided into sub-steps (FIG. 13).
Each of these steps apply a particular action to the image of
the barcode, and the result of a previous sub-step is used as an
input parameter to the next step. These sub-steps are
described in detail below:

Horizontal slicing of the barcode (1310): The image is
sliced horizontally and each of these slices is processed indi-
vidually, where, if the present slice 1311 succeeds in decod-
ing, the process is completed and the result of decoding is
returned. The amount of horizontal slices is one of the param-
eters used by the barcode reader system, and this number can
be changed depending on the flow of execution of the algo-
rithm, i.e., the slicing is adaptive; first it tries to make decod-
ing from an initial parameter. If the reading does not occur
with this parameter, this will be increased until a successful
decoding or until you reach the maximum horizontal slices.

Binarization of the horizontal slice (1312): This sub-step is
responsible for converting the image values, which are gen-
erally found with 255 different gray levels in only two distinct
tones: black and white. This step represents one of the steps
necessary for successful decoding, it is from this that you can
set the bar that is black and the bar that is white.

FIG. 14 represents the time in which the invention distin-
guishes components from black and white barcode. To per-
form the binarization slice, you must set the threshold that
separates whites from blacks. To do this, the horizontal slice
and vertical slices are divided and the threshold tone is cal-
culated for the vertical slice. This threshold is obtained by
averaging the gray scale of each vertical slice. If the value of
the pixel tone is less than this threshold, then black is consid-
ered, otherwise it is attributed to white. However, to the
threshold are applied sets of weights in order to correct the
distortion caused by lighting, which in the case of many dark
environments, the threshold value is reduced, and for envi-
ronments with high lighting it will be raised. The equations
below detail this process:

A (14)

T NH
B L
TNV
I=Msuh
c=Nzxvy
| MiN+e (15)
S=W*MNZZG;J-

=l j=c
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-continued
G;j >=Shy, Bwj =255 (16)
G;j < Shy, Bwj=0
where
i=LI+1,1+2,... 1+ M,
j=c,c+l,c+2,... c+Ne

w=12,... M.

Equation (14) calculates the sizes and initial coordinates of
the horizontal and vertical slices. M is the height of the
horizontal slice, and N is the width of the vertical slice,
variable A is the height and the variable L corresponds to the
width of the image. The variable NH represents the number of
horizontal slices and the variable NV represents the number
of vertical slices. Variables h and v are also used and are,
respectively, the current indices of the horizontal slice and
vertical slice. The line number of the initial slice is repre-
sented by I and the number of the column is represented by c.
The function S computes the threshold used to distinguish
black from white, where W is the weight that makes it suitable
the threshold for the level of environment lighting. Equation
(16) digitalizes the horizontal slice. The variable G represents
the grayscale image, where i is the position of a line and j the
position of a column. The variable B is a horizontal slice
binarized.

Vertical stacking of the binarized slice (1313): in this sub-
step, two-dimensional slice is converted to a one-dimensional
vector. This process is done through the vertical stacking of
the binarized slice. This process takes the average grayscale
of each column. If this average is greater than 127, then, the
value is set to white, otherwise, it is black. The cutoff value is
127, because the binarized image has only the values 0 to 255
for black and white.

an

=0

{Pj > 127, Ry =255 (18

P;<=127,R;=0"

where
j=12,... N

Equation (17) makes the vertical stacking of the binarized
slice. Equation (18) converts the values of two-dimensional
array in one-dimensional array, where R is the one-dimen-
sional array in which R; represents its element at position j.

Converting pixels into bars (1314): This sub-step takes as
input the vector returned by the previous step that has the
information of the bars in pixels, converting it to a vector
representation of the barcode EAN-13. This code has four
levels of bars (thin, average: two thin bars, large: three thin
bars, very wide: four thin bars). So, it is necessary to find a
way to define how many pixels each bar has. In the picture, the
atomic element is the pixel. In the barcode EAN-13, the
atomic element is a thin bar. So, it is necessary to try to find the
size in pixels of the bar fine, and from this, it is defined the size
of'the other bars. The first step in making this conversion is to
find the start and end bars of the code, and after that the
positions of the bars corresponding to the digits are searched.
It is known that each digit has four bars of different sizes, but
these digits are always formed by 7 thin bars. Therefore,
knowing the size in pixels the width of the thin bar, it becomes
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possible to calculate the width of the other bars. So to each
digit, it is possible to obtain the width of the thin bar, and in
turn calculates the width of the other bars that form the digit.
Thus, it becomes possible to obtain the correct size of the bars
of'the barcode packaging with rounded surface. FIG. 15 illus-
trates this conversion, where the number represents a thin
black bar and number O represents the thin white bar.

Translation of the barcode (1315): This sub-step performs
the translation of the barcode, that is, from the combination of
four bars, it is possible to obtain the digit coded by the same.
Barcode EAN-13 has 13 digits, with 12 of these are encoded
in a bar and is encoded by the parity of the first 6 digits. After
translation of the barcode, it is calculated the check digit.
Soon after, the check digit is checked, and if successful, the
value of the barcode decoded is returned.

Returning to FIG. 4, the step “showing the result of decod-
ing” 417 presents the result of reading the barcode only in
cases, in which the decoding was successful. At this step,
according to the preferred embodiment of the present inven-
tion, with the result of the barcode, itis made aresearch on the
outlets that provide the product identified by the decoded
barcode, and the price of this.

FIG. 16 illustrates the screen with the result of decoding,
according to the preferred embodiment of the invention.

Although a preferred embodiment of the present invention
is shown and described, those skilled in the technical field will
understand that various modifications can be made without
departing from the spirit and scope of the present invention, as
defined in the appended claims.

It is also expressly stated that all combinations of elements
that perform the same function in substantially the same way
to achieve the same results are within the scope of the present
invention.

The invention claimed is:

1. An automatic method for tracking and decoding a bar-
code using a barcode reader on a mobile device, the method
comprising:

initializing the barcode reader;

capturing, using the mobile device, the barcode in an image

frame;

intercepting the captured image frame in a preview mode

of the mobile device;

determining a probable orientation of the barcode;

correcting a rotation of the barcode;

searching for the boundaries of the barcode;

confirming the presence of the barcode;

decoding the barcode; and

displaying, on a screen of the mobile device, the result of

the decoding,

wherein the decoding the barcode comprises slicing the

barcode horizontally and processing each of the slices
individually, and

wherein, if a slice being processed is successfully decoded,

the decoding is completed and the barcode is translated.

2. The method of claim 1, wherein initializing the barcode
reader comprises:

driving and setting up the barcode reader integrated with

the mobile device,

presenting a user interface; and

preparing the required parameters for running the barcode

reader.

3. The method of claim 2, wherein a best resolution of the
preview mode supported by the mobile device is selected.

4. The method of claim 1, wherein a macro function of the
mobile device is used with an auto focus to focus images close
to the barcode reader, allowing images that are close to be
clearer and improve the decoding of smaller barcodes.
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5. The method of claim 1, wherein during the intercepting
the captured frames in the preview mode of the mobile device,
the barcode reader continues the image capture and displays
the new frame while another frame is processed in another
thread.

6. The method of claim 1, wherein the method is performed
using only a luminance image.

7. The method of claim 1, wherein the determining the
probable orientation of the barcode comprises computing the
angle rotation of the direction in which the barcode is, divid-
ing the frame that contains the barcode into smaller regions
with equal size, and computing an angle for each of these
regions.

8. The method of claim 1, wherein, to estimate the angle of
barcode, the gray levels located in different orientations of
scanning lines are obtained by traversing the barcode, and the
pixels obtained from the lines with slopes between 0° to 180°
, with the center of the scan lines intersecting the center of the
region.

9. The method of claim 1, wherein the orientation of the
barcode is the angle of the scan line between 0° and 180° that
has the lower variance in the tones of intercepted gray pixels.

10. The method of claim 1, wherein the orientation belong-
ing to the barcode is obtained by calculating the level of
variation in gray levels of the line perpendicular to the orien-
tation computed in each region, and the orientation of the
barcode corresponds to the orientation computed for the
region with the greatest variation between the levels of gray.

11. The method of claim 1, wherein the correcting the
rotation of the barcode is used to decode a barcode that is too
tilted, being performed only if the rotation angle of the bar-
code is less than 80° and greater than 100°.

12. The method of claim 1, wherein the correcting the
rotation of the barcode scans all lines perpendicular to the
orientation of the barcode, creating a new image stacking
these lines.

13. The method of claim 1, wherein finding the top and
bottom of the barcode, comprises calculating the horizontal
difference of each image line, the top of the barcode being the
first line with a variation between the gray levels greater than
the threshold and the base ofthe barcode is the last line greater
than this threshold, finding the left and the right side of the
barcode comprises the vertical stacking of the region between
the top and bottom, and the left side of the barcode to the first
column and the right side, the last column with values greater
than the established threshold, the coordinates were obtained
with the boundaries of the barcode delimited by the coordi-
nates, so that the elements that are not present in the barcode
are not computed.

14. The method of claim 1, wherein the confirming the
presence of the barcode analyzes whether within the selected
region actually there is a barcode, checking the level of abrupt
variation of shades of gray within the boundaries computed
for the barcode, being selected a horizontal line in the middle
of the region corresponding to the barcode and if the level of
variation in tone gray of the line is less than the threshold, then
the image under analysis is ignored and the process is
restarted, otherwise the next operation is executed, as it was
confirmed the presence of a barcode.

15. The method of claim 1, wherein the displaying the
result of decoding presents the result of bar code reading only
in cases in which the decoding was successful.

16. The method of claim 1, wherein the barcode is used to
complete a survey on the points of sales providing the product
identified by the decoded barcode and the price of this prod-
uct.
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17. The method of claim 1, wherein the searching for the
boundaries of the barcode calculates the position in which the
barcode begins and the position in which the barcode ends,
both horizontally and vertically.

18. An automatic method for tracking and decoding a bar-
code using a barcode reader on a mobile device, the method
comprising:

initializing the barcode reader;

capturing, using the mobile device, the barcode in an image

frame;

intercepting the captured image frame in a preview mode

of the mobile device;

determining a probable orientation of the barcode;

correcting a rotation of the barcode;

searching for the boundaries of the barcode;

confirming the presence of the barcode;

decoding the barcode; and

displaying, on a screen of the mobile device, the result of

the decoding,

wherein the decoding the barcode used for reading the

barcode comprises the following:

horizontal slicing the barcode, in which the image is sliced

horizontally and each of these slices is processed indi-
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vidually, where, if the present slice succeeds in decod-
ing, the process is completed and the result of decoding
is returned;

binarization of the horizontal slice which is responsible for
converting the image values, which are generally found
with 255 different gray levels in only two distinct tones:
black and white, being the threshold that separates
whites from blacks defined from the division of the
horizontal slice and vertical slices and calculating the
threshold tone for the vertical slice which is obtained by
averaging the gray scale of each vertical slice, and if the
value of the pixel tone is less than this threshold, then
black is attributed, otherwise white is attributed;

vertical stacking of the binarized slice, in which the two-
dimensional slice is converted to a one-dimensional vec-
tor, through the vertical stacking of the binarized slice,
which takes the average grayscale of each column and
the average is greater than 127, then, the value is set to
white but is black;

converting pixels for bars using, as input, the vector
returned by the vertical stacking that has the information
of the bars in pixels, and converting it to a vector repre-
sentation of the barcode; and

translating the barcode.

#* #* #* #* #*
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